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A n  analysis of the dynamic-lateral-stability  characteristics of 
the B e l l  X 4  a i rp lane  a s  affected by variat ions  in  mass, aer-c, 
and dimensional parameters has been made by means of calculations of 
the period and rate of dmqlng of the lateral oscil latian.  The 
analysis w a s  made for a landing configuration  (flaps and gear dam> 
and a high-speed configuration  (flaps and gear retracted) and included 
speeds up t o  a Mach n@er of.0.87. 

The m a m i c  lateral s t ab i l i t y  of the airplane i n  the landing 
configuratian w m  found t o  depend rather c r i t i c a l l y  on the damping i n  
r o l l ,  the damping i n  yaw, the  inclination of the  principal axis, and 
the radius af gyration about the  principal  longitudinal axis. In the 
high”epeed configuration  the dynamic lateral s t a b i l i t y  depended 
c r i t i c a l l y  on the inclination of the  principal axis. The calculations 
indicated dynanlc l a t e r a l   s t a b i l i t y  af the airplane for the high-peed 
configuration  throughout the l i f t -coeff ic ient  range investigated,  but 
indicated  s tabi l i ty  only at lFPt coefficients greater than about 0.75 
for the landing configuratfon. The airplane met the USAF requirements 
far satisfactory per1odAam~in.g relationship of the lateral oscil- . .  

l a t ion  throughout the range of lift coefficients  investigated for the 
h i e p e e d  configuration,  but met the requirements only at l i f t  
coefficients  near 1.0 fn the landing configuration. 

Some improvement of the  dynamic4aterd”stability  characteristics 
of the airplane in  the landing configuration seemed possible by 
decreasing the w i n g  incidence,  decreasing the gearnstric dihedral, or 
increasing the vertical-tail   size.  Of these  three, only an fncrease 
i n  tai l  s i z e  had any appreciable  stabil izing  effect .   bever,  
increasing  the tail size a l s o  caused the s t a b i l i t y   t o  be sl ight ly  
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less   sat isfactory in the h i m p e e d  configuration  relative t o  the 
USAF cr i ter ion for satisfactory period-damping relationahip of the 
lateral oscillation. 

The problem of est-lmating th8 dynsmic-lateraLstability charac- 
t e r i s t i c s  of high”speed af rcraf t  i s  extremely complex because of the 
large nuniber of mortmf maes and aerodynamic parameters involved 
md the  great range through which a m  of the paraslrsters may vary . 
(references 1 and 2). As a result of the complexity of the problem, 
it has been found impractical, at l ea s t  up t o  the present time, to 
attempt t o  make general charts or tables from which the dynamic-lateral- 
s tabi l i ty   character is t ics  of any airplane might be estimated. 
Therefore, it has been found expedient t o  calculate  the  lateral- 
s tabi l i ty   character is t ics  of specific  hfgh-epeed-airplane  caeigu- 
rations. 

Many of the mass and aerodynamic parameters required for  such 
investigations  generally are not knawn to a high degree of accuracy; 
therefore, the quantftative results ?nay be questionable with regard 
to   the  actual   a i rplane under consfderation.  Arbitrary  varfations - 

of the parameters, however, should  give a reasongbly rel-lable 
indication of the effecte of possible  modificatians t o  the  airplane 
or of‘ changes in  the flight a t t i t ude .  

The present  Investigation is concerned w i t h  ths Bell X 4  hi&- 
speed research  airplane  (fig. 1). A similar investigation has been 
reported fo r  3~ ~ouglaa ~ 5 8 S  airplane (reference 3 ) .  

h 

a 

The aymbols and coefficients used herein are def Fned a8 follows: 

al t i tude,   feet  

angle of attack of airplane  reference axis (fig.  z ) ,  
degrees 
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B angle of sideslip,  radians -.  
Y 

&S 

% 
P 

b 

S 

A 

2 

z 
I .  

W 

m 

tl 

k 
=0 

9 

3 

angle of felight path t o  horizontal axis,  positfve  in cltmb 
(fig. 2), degrees 

s p l i t 4 l a p  def lectian, degrees 

nose-rPlap deflection, degrees 

mass density of air, slugs per cubic  foot 

wing span, feet 

w l n g  area, squaxe feet 

aspect r a t i o  (b2/s) 
distance from airplane center of gravity t o  center of 

pressure of ver t ica l  tail, feet 

perpendicular  distance from fuselage center line to  center of 
pressure of ver t ica l  tail, feet 

weight of afrplane, pounds 

mass of airplane, slugs 

inclinatian of principal  longitudinal axis of airplane w i t h  
respect t o   f l i g h t  path, positive. when principal axis is 
above f l i g h t  path at the no88 (fig.  21, degrees 

angle between fuselage  reference a x i s  and principal 
longitudinal axis, positive when reference axis is  above 
principal axis at nose (fig. 2), degrees 

radlus of gyration  about  principal  longitudinal axis, feet 

radius of gyration  about  principal normal axis, feet 
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l a te rddorce   coef f ic ien t   (La tera l  force/qS) 

roll ing4mmnt coef f icfent  (Rolling ruawnt/qSb ) C 
2 

v &plane velocity, feet per second 

P rol l ing angular velocity,  radians per second 

r yawing angular veloGity, radians per second 

M Mach number (V/Local speed of Bound) 

T 
1/2 

time required for lateral osc i l l a t ion   t o  reduce t o  half 
amglitude,  seconds 

T2 time required  for lateral osc i l la t ion   to  double amplftude, 
seconds 

c1/2 cycles  required for lateral oscil lation to reduce t o  half 
amc1Ztuile- - 

. . .. . .  

c2 cycles required for la te ra l   osc i l la t ion  t o  double  amplitude 
. .  - .  

P period of lateral oscillation, seconds 
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SCOPE AND METHOD 

-. 

L .  

This investigation  included the d c u l a t i o n  of the mamic- 
lateral-etabil i ty  chazacterist ics of the Be l l  X 4  airplan3  in  the 
high-speed conffguration (flaps and gear retracted) at sea level and 
a t  arn al t i tude of 35,000 feet, and i n  the landing and take-off c d i g u -  
ratione ( f laps and gear  lowered). The effects  on the lateral s t a b i l i t y  
of varying the paramstere Cn , C , C%, so, so, and q also were 

investigated  for a high-epeed configuration and for a landing configu- 
ration. EY detemnining the effects  of these parameters, C?, Czp, 

and C were varied kt50 percent; kj, 

f20 perceqt; and, w a 8  varied f2'. These variations are believed 
t o  cover the mimum probable error i n  estimating the parametere 

P IP 

2. . . . .. 0 and G o  were 
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* involved, Tn determining the ef fec ts  of these parameters, one 
pargneter was  varied at a t@D.e.. Posaible  variatima  in  the  statlc- 
Irtteral”st8bility paran;etera have not been considered  since wind- 
tunnel determinations of these  quantities were available. 

All calculations were made for leveldlight  conditions and w e r e  
made with  thq  use of the  equations of reference 2. Power effects 
were neglected as they were believed t o  be nmall. The highest Mach 
number f o r  which calculations were made was about 0.87. -ressi- 
b i l i t y   e f f ec t s  were neglected  in most of the c d c ~ a t i a n s .  li.1 order 
t o  evaluate  these  effect^, however, additional  calculatians were made 
for one a‘5rplane configuration i n  which all the wing and v e r t i c a l 4 a i l  
derivatives were corrected f o r  ccmpresafbilitg  effects. The corrections 
were applied a a  indicated in reference 4, 

Cnmparisons af calculated and measured periods and rate6 of 
danping for other airplanes have indicated that calculations  generally 
predict  period and rate of w i n g  quite w e l l  if the  lateral   oscil-  
l a t ion  is of large amplitude, but 8haW poor agreemnt when the  oscil- 
l a t ion  is  of very e amplitude. It I s  believed that mdl-plitude 
oscLUations might be cau86d by sepa2ation  effects; hence if such 
effects  occur on the airplane wder consideration, the reeulting rate 
of damping probably w i l l  be in poor agreement with the calculated rate 
of daxgling. . .  

The 11x59s and aerodynamic pararnetere  used in this investigation 
are presented i n  table  I. The s ta t ic“atabi l i ty  parameters 

and %e for the airplane with the vertical t a i l  off were obtained 

I .  

from reference 5. m e  rotary a e r i ~ a t i v e e  cyp, cZp, cnP, ~n,, c~,, 
for the  8Irplane  without the ver t ica l  tail were estimated 8na cn, 

L 

w i t h  the a id  of references 6 ,  7, and 8. The vertical-tail  contri- 
butions t o  the rotary  derivatives were estimated by the use of 
equations similar to those of reference 9. 
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All mass paramsters  used  in  this  investigation  were  obtained  from 
reference 10. 

HESULTS AND DISCUSSIOW 

Presentation of Results 

The results  of  this  investigation are pesented in  two  groups, 
one for the  airplane  with flaps and landing gear retracted  (high- 
speed  configuration)  and  the  other  for  the  airplane  with  flaps and 
landing gear extended. (lading or t&&f configuration). 

Ln the  first  group  (high-ped  configuration) are ahown: 

(a) The variation of period and rate of damping of the  lateral 
oscillation  with  lift  coefficient for a wing loading of 79.4 pounds 
per  .aquaxe  foot and for altitudes  of 35,W feet, and sea  level 
(fig. 3) 

(b)  Cnmparieon of the  period  and  damping  characteristics of the 
lateral  oscillation with-the USAF criterion far eatisfactory  period- 
damping  relationship  (fig. 4) 

-. 

(a) Calculated  effects of campreseibility on the  period  and 
damping  characteristics  of  the  lateral oscillation (figs. 6 and 7) 

In the  second g o u p  of figurea  (for  the  landing or tabdf 
configuration,  aea-leml  flight) are shown: 

(a)  The variation af the period a d  damping of the  lateral. 
oscillation  with  lift  caefficient  for wing loadings of 33.3 and 79.4 
pounds per square foot  (fig. 8) 

(b) Camparison of the calculated  period and damp- charac- - 

teristics of the lateral  oscillation  with  the USAF criterion  for 
satisfactory  perid-damping  relatimahip f o r  w i n g  loadings  .of 33.3 
and 79.4 pounds per 8qUai.e- fpot (fig. 9 )  
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The r a t e  of damping of the spiral and rolling modes of motion 
was calculated; however, the results are  not preeented i n  any of the 
figures. me pertinent  results obtained f or:the lateral oscil lation 
and the  spiral  and ro l l i ng  modes are presented in   t ab le  II. 

effects of several assumed dimensional- modificatians-to the -lane. 
The ccquted  period and damping characterist ics of the airplane with 
assumsd changes i n  wing Ancidence, geometric -dihedral, and t a i l  area 
are ahawn in  f igure ll for the- landing configuration. The effect  of 
increase  in  vertical-tail s i z e  on the  period and damping characteristics 
for  the  afrplane in the landing, t-f, and high-eped  configuration8 
is shown in  f igure 12. . 

Ln addition to the above, calculations were made t o  determfne the 

Airplane with Flaps and Gear Retracted 

Sea-level flight .- The calculated period and rate of damping af 
the lateral osci l la t ian of the X 4  airplane flying at 888 level  w i t h  
a wing loading of 79.4 pounda per square foot (correspandfng to the 
airplane w i t h  almost a full f u e l  load) are shown by the solid l i nes  
of figure 3 as functions of the lift coefficient. It is seen that 
the  la teral   osci l la t ion 18 heavily Asmped, requiring less than one 
cycle t o  AsmT, t o  half amplitude. The present UWF c r i te r ion   for  
satisfactory damping of the lateral oscil lation is that the time 
required  to damp t o  half amplitude m e t  be lese  than 1.5 seconds i f  
the period i a  between 0 and 2 aeconda, and for periods  greater than 
2 seconds the  oacillatian must damp t o  half amplitude i n   l e s s  than 
2.5P minus 3.5 seconda (reference ll). A graphical  representation of 
this cr i ter ion is s h m  in figure 4. Also ahawn in  figure 4 are 
several symbols representing the ca lcu la ted   p r iod  and damping  of the 
lateral osci l la t ian of the X 4  airglane at  various lift coefficients. 
It can be seen that for sea-level flight the  airplane meets the USAF 
cr i ter ion throughout €he l i f k o e f f i c i e n t  range investigated. 

According t o   t h e  USAF cr i ter ion for the spiral mode, s p i r a l  
s t a b i l i t y   i a  not  required,  but  the  allowable rate of divergence of the 
spiral mode must not  be so p e a t  that the s p i r a l  motion will double 
amplitude in less than 4 seconds. It can  be men from table II that 
the- ai rp lane   mete   th i s  requirement. -. 

' .  

Effects af altitude.- The calculated  period and damping of the 
l a t e ra l   o sc i l l a t i an  of the airplane f lying a t  35,000 feet altitude 
with a w i n g  loading of 79..4 pounds per square foot are aham i n  
figure 3 as functions of the lift coefficient. The lateral 
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oscil lation is heavily A4zlrped f o r  the range of lift coefficients 
investigated and msets the UGAF requirement for l i f t  coefficients 
greater than about 0.35 (fig. 4). The sp i r a l  mode a lso rmsets the 
USAF requirement (table II) . An increase i n  a l t i t u d e  cauied a decrease 
i n  damping of the l a t e ra l   o sc i i l a t im   ( f ig .  3); however, the  decrease 
does not  appear t o  be  important far this particular  configuration. 

B f e c t s  of variations of aerodynamic and mas8 2mmeters.- The 
calculated  effects on the  period and damping of the lateral oscil- 
" 

and q are s h m  i n  figure 5. The calculations were made for the 
a-rrplane f ly ing   a t  an al t i tude of 35,000 feet at a lift coefficient 
of 0.316 (M =-r>.85) and a w i n g  loading of 79.4 pounds per square foot.  
Also sham on the same figure a m  the changes in the  osciJlatory 
s tab i l i ty   re la t ive   to   the  USAF cri terion. The results  indicate that 
only the  variation of k, had any appreciable  effect on the  period 

and that the rate of damping (as  indicated by T ) was increased by 

making (2% or q nure positive, by making C+ 
n u r e  negative, by 

0 

112 

-g so m e r ,  by malrfng Go - czP -e 
negative had little effect  on T1i2, but n d d n g  it lese negative 
decreased  the rate of r7;Rm-gimg. 

In each  instance  (except far the case of ) lor which 

variation of a psramster cauaed a reduction i n  T1/2, the airplane 
osc i l la tory   s tab i l i ty  -roved with reference t o  the US&' cri terion. 
The reduction in  T , result ing fram a decreased value of , was 
acccrmpanied by a relatively large reduction i n  period, BO that the 
airplane  osci l la tory  s tabi l i ty  changed i n  an unfavorable manner 
according t o  the USAF- crfterion. . . ." 

0 

112 0 

It should be noted that during these  calculations  each paranreter 
w a s  varied  separately. The e f fec ts  t o  be expected fram the simul- 
taneous  variation of two ar mare paz-ters generally are not equal 
t o  the sum of the individual  effects. 

Effect of applying ccmqmseibil i ty  cmections t o  the aer-c 
derivatives.- Yone of the  aerdynamic  derivatfves used i n  the calcu- 
la t ions which have been discuised  thus far were corrected for campressi- 
b i l i t y   e f f ec t s .  order t o  evaluate  these  effects, one se t  of cdcu- 
latims was made in which the  period and rate of damping were calcu- 
lated,  wlth the wing and vertical-tail  ConJributians t o  the s t ab i l i t y  
derivatives  corrected far the effectaof   cmqressibi l i ty   as   indicated 
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in reference 4. The effecte of applying  compreseibility  corrections 
are shown in figure 6. The airplane was assumed t o  be f lying at an 
al t i tude of 35, OOO fee t  with a w i n g  loading of .4 p o d s  per square 
foot. It is seen that the application of compressibility  corrections 
resulted in a  decreaae in   the period and a decrease i n  the rate of 
dmping of the .later.al oscillation. The curves of figure 7 show that 
when conpressibility  corrections are -applied;  aati'sfactary  oscil- 
la tory  s tabi l i ty   character is t ics ,  with reference t o   t h e  U W  criterion, 
are indicated at U t  coefficients greater than about 0.45. The 
neglect of compressibility  correctiom,  therefore, results in optimistic 
estimates of the airplane- characteristics,  but does not seem pazticu- 
larly important for this a-irplane. 

Airplane with Flaps and Gear Lowered 

Sea-level flight .- The calculated period and  damping charac- 
t e r i s t i c s  of the la te ra l .osc i l la t ionof  the X 4  a'kplane f l g n g   a t  sea 
leve1,with a wing loading of 33.3 pounds per square foot (carreeponding 
t o  the airplane w i t h  most af i t e  fuel exhausted) are shown bg the solid 
curves of figure 8. Tne results of the  calculations  indicate that the 
airplane has osci l la tary  s tabi l i ty  at lift coefficients  greater 
than about 0.75; hawever, even then  the  oscillation i s  poorly damped, 
80 that the airplane meets the USAF crfterion f o r  eatisfactory period- 
damping relationship only at l i f t  coefficients  near 1.0 (fig.  9). 

Ef'fects of wlng loading.- m e  effects  on the period and r a t e  of 
damping of the lateral osci l la t ick of increasing the wing loading fram 
33.3 pounds .per square foot t o  79.4 pounds per square foot are shown in  
figures 8 and 9 for sea-level flight with f laps  and gear lowered. The 
results  generally- &&-.a deFz-Ga&e fn period and an increase i n  the rate 
of damping,' at lift coefficients greater than about 0.6,  88 the w l m g  
loading is  increased. It should be noted that the r ad i i  of 
gyration IC& and kz were decreased when the wins loading w a s  

increased (see table I), hence the changes i n  P and T 

w e l l  have been caused prFnusrily by these changes rather  than w i n g  
loading. This is substantiated  to 60me extent by noting that the sum 
of the changes in P or T1/2 caused by changing and k, by 

the w m t s  shown i n '  table I is about the ,  s a m ~  as the changes i n  P 
and T 1 / 2  shown In figure 8 (at C, = 1.0). 

0 0 

1/2 might 

0 0 

The airplane appears t o  be satisfactorily  stable at lift 
coefficients  greater thaq about 0.8 with a wing loading of 79.4 pounds 
per square foot. 



H f e c t s  of variation8 i n  aerodynamic and mass parameters.- The 
calculated changes i n  the period and ra te  of damping obtained by 
variatian of the parameters C , C5, C.,, so, so, and q are 

ahown in  f igure 10 far the-airplane flying at aea l e v e l   a t  8 l i f t  
coefficient of 1.0 and a wing loading of 33.3 pounds per square foot. 
The assumed variations in the derivatives caused only mal l  changes f n  
the  pericd of the lateral oscillation,  but  generally caused appreciable 
changea in the rate of "@ng.* The time required f cw the lateral 
oscil lation t o  reduce t o  half amplituae waa decre5sed by maMg C 

2P 

IP 

OT c4 - %* so 
more negative, by mng C% OT q more positive, or by 

smaller. In each  lnstance  (except  possibly 

variations of k, 1 far which the variation of' a parameter caused a 

reduction i n  T 1 p  the 8frplaTle oscil latary s t ab i l i t y  was iqwoved 
with reference t o   t h e  USAF c r i t e r i a .  The reduction i n  Tq2,  
result ing frog a .de.cc+sed val.-.._cS .Go, was accompanied by a decrease 
i n  period, so that the airplane oscil latwy  characterist ics showed  no 
appeciable change re lat ive to the U M F  criterion. 

0 

The resul ts  of this investigation have indicated that the 
%2 airplane has undesirable dynamic-lateral-etability character- 
i s t i c s  w i t h  f l a p s  and. gear ertended, and that, at high lift coef- - 
ficients,  the s t ab i l i t y  dacreaees aS the w i n g  loading is decremed 
(figs. 8 and 9 ) .  rche calculatfone which were made by varying certain 
parameters (fig. 10) indicated that the oscil latory  6tabfli ty mfght 
be improved, at l eas t  a t .  a lift. coefficient of 1.0, by ding Ct m e  

negative, by making mare positive, by making C., more negative, 

or by making Go smaller. I t  is also hovn that dymmtc lateral 

s t ab i l i t y  generally can be improved by fncreas€ng the vertical-tail 
s ize  and a reduction In  geametric dihedral. Thus it appears that such 
changes a8 decreasing the wing incidence  (effectively  increasing q), 
increasing the ver t ica l -ba i l  area (effectively increaeimg Cnr- , 

negatively and Cn positively), m varying  the  geamstric dihedral 

angle -might improve the dynamic lateral stability.. Calculations were 
made for the following assumed modifications: 

P -  

B 
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(a) Decrease of w i n g  incidence by 2O 

WCA RM ~ 9 3 1 3  

(b) Decrease in  geanstric dihedra l  from 3 O  t o  Oo 

(c)  Increase i n  v e r t i c a l d a i l  area (tail height increased  until 
the t i p  chord m a  zero) 

Id EEking these  calculatione, m e  rwdlficatim waa assumed at a time. 
The results are sham i n  figure Ll. It can be  seen th s t  decreaeing 
the dihedral angle or the w i n g  Incidence caused no appreciable chsnge 
i n  the period of the lateral osciUation,  but did increase the rate of 
dRmping. These changes caused only a d improrensnt in  the  oscil-  
l a to ry   s t ab i l i t y  relative t o  the USA?? criterion.  rncreasing the 
vertical-tail  area, however, CaU8ed a marked increase i n  the r a t e  of 
damping  of the lateral oscillation,  especially at l i f t  coefficients 
less than  aboxt 0.8; however, the period also was decreased. The net  
result w a s  that although  the added t a i l  area inproTed the a i rp lam 
s t a b i l i t y  it-still w a s  not  aatisfactory  (relative  to the USAF 
cr i ter ion)  ztt l i f t  coefficients leas  than about 0.7. It appears, 
however, that  an increase in v e r t i c a l 4 a i l  s i z e  w o d d  be beneficial  
t o  the lateral d;pnanlc s t a b i l i t y  of the airplane in  the land- 
configuration. . .  . . 

It should be noted that the effect  of the  increased  verticaPtai1 
' s i z e  on the tail contributians  to the various aerodpmmic derivatives 
w a s  based on the calculated value of the lift-curve slope of the 
ver t ica l  tai l .  The lift-curve slope was obtained fram theoretical  
values based on the aspect r a t i o  and sweep of the tail.,  Several 
experimental  inve&igatioqg.bave  i-ndicated tgt the theory used 
predicts  values of $.he lift-curve slope which are too high, hence 
the Fmprovelnsnt to be expected from the assumed t a l l  modification 
probably would be lese than indicated  in figure ll. Ifowever, the 
f igme does indicate praper trends. 

Since  the  increase in  vertical-tail  area was beneficial for the 
landing  configuration, calculations were made t o  determine the ef fec ts  
of t h s  added t a i l  area on the high-epeed configuration snd on the take- 
off configuration. The reeults indicated tMt an increase in vertical- 
tail s e a  w o e -  cause a slight . .. decreass . . in   th3  dynamic lateral sta- 
b i l i tg  of the airplane with a w i n g  loading of 79.4 pounds per sqaare 
foot at an a l t i tude  of .35,(xro feet and would cauae a mall improvemnt 
in the   s tabf l i ty  for lift coefficient8 greater than about 0.7 for ths 
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take-off  configuration (f'tapm and gear down, wing loading af 79.4 pounds 
per square foot), juaging only by the USAF criterion. The period 
and d-ing characteristics f o r  a landing, t a k e d f ,  and high-eped 
condition f o r  the airplane w i t h  the added v e r t i c a l 4 a i l  area are 
campared with the preeent USAp' cri terion for sat isfactmy period- 
damping relati.onship in  figure 12. 

Although the airplane with the as- added t a i l  area does not 
meet the usp;F criterion at all lift coefficients for arg of the 88- 

C c m d i t i O n S  (land-, -, high-speed f l ight) ,  definite* undesirable 
characteristics are .indicated only far the t-f or  high wing-  
loading conditim - and then only at l i f t  coefficienta smaller than 
about 0.6.  . 

. .  

1. The dynamic l a t e r a l  stability of the airplans in the landing 
configuration wae found t o  depend rather c r i t i ca l ly  on the damping In 
roll, the damping i n  yaw, the inclinaticm 09 the @.mipal axis, and 
the radius of ggratian about the principal 1CmgitudFnal ais. The 
dynamic l a t e ra l   s t ab i l i t y  far the w a n e  in the high-speed configu- 
ration was found t o  depend rather c r i t i c d l y  on the inclination of the 
principal axis. CoQ6ideratian of the effect8 - of c~m~jre8Bibilitg for 
speeds ug t o  a Mach .ntmiber of 0.87 *e found t o  be relatively 
unimportant far this airplane. 

2. The cdculati-  indicated dynamic lateral stabflity of the 
a f raane  for the high-eped configuration  (flaps and gear up) 
throughout the l i f t -coeff ic ient  range investigated,  but indicated 
m a m i c  l a t e r a l  stability anly at lift coefffcients p a t e r  than about 
0.75 f o r  the landing configuration. 

3 .  The airplane mt the USAF requirements f o r  satisfactory period- 
*ping r e h t i a n s N 9  & the i a t e r d  oscil lation throughout the range of 
lift coefficients  investigated for the-high+peed  configuration,  but 

-. . . . . . 
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met the  requirerwnts only at l i f t   coe f f i c i en t s  near 1.0 in   the landing 
configuratian. 

4. The calculations  fndicated dynamic la te ra l   Ins tab i l i ty  of the 
airplane  in  the landing configuration over a range of l i f t  coefficients 
f r o m  0.4 t o  0 .m. Sane i~ngrmen9nt seemed possible by decreasing the 
w i n g  incidence, decreasing the geaanetric dihedral, or increasing  the 
vertical-tau  size.  Of these three, only an increase in  t a i l  size  had 
&ny appreciable  stabilizing  effect. However, an increase in t a i l  area 
had a d unfavorable effect  i n  the hfgh-epeed canfiguration, 
re la t ive   to   the  UXAF cr i ter ion f o r  satidactmy characteristics of the 
lateral oscil latian.  

Langley Aeronautical  Laboratory 
National Advisory Conrmittee for Aeronautics 

Langley Air Force Base, Pa. 

. 
Aeronautical  sngineer 

Amormutical Research Scientist 
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Flgure 1.- Bel l  X 4  h i m p e e d  researoh airplsne. 
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FI@;ure 3 .- Calcu lated effects of altitude on the period and damping chara- 

terietice.  Flap6 and gear retracted. - = 79.4. W 
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comparison w i t h  the TISAF criterion. F l a y  and gear retracted. = 79.4; h = 35,000 feet3 
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Figure 6.- Calculated effects of compeseibility on the period and 
damping characteristfcs. . Flaps +d. gear retracted; = 79.4; 
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h = 35,000 feet. P’ 
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Figure 7.- Comparieop of cap rees ib i l f ty_e f fec t s  on the period and 
damping of the la.t+ra& osciLLation. with respe-ct.  .to  the IEAF requwe- 
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Figure 8.- Calculated period and damping characteristics f o r  sea-hvel 
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Figure 9.- Comparison of calculated period and damping of the lateral 
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1.7.1.2 
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Contains result8 of calculationa t o  ehow the  effects af vmious 
mass and a e r m s m i c  parameters on the dynamic lateral s t ab i l i t y  of 
the Bell X 4  airplane i n  the landing configuration and i n  the high- 
speed canfiguration at Mach nunibers below 0.87. Calculations  included 
determination of the period and rate of damping of the l a t e r a l  08cil- 
la t ian,  and the resu l t s  are cnmpared with the USAF cr i ter ion for 
satisfactory period”ping relationehip. 
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